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© Electron cyclotron resonance (ECR) plasma etching process and ECR plasma etching apparatus. 



© An electron cyclotron resonance (ECR) plasma 
etching process using an ECR etching apparatus 
having a plasma generation chamber, and gas sup- 
ply entrances provided in each chamber, comprising 
the steps of: directing microwaves into said plasma 



generation chamber, applying a magnetic field to 
said plasma generation chamber, and supplying a 
first gas which is used for generating a deposit of a 
protective film to said reaction chamber. 
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ELECTRON CYCLOTRON RESONANCE (ECR) PLASMA ETCHING PROCESS AND ECR PLASMA ETCHING 

APPARATUS 



The present invention relates to an electron 
cyclotron resonance (ECR) plasma etching process 
and an ECR etching apparatus. More particularly, 
the invention relates to an ECR plasma etching 
process and an ECR plasma etching apparatus 
wherein a resist mask, used when aluminium or an 
alloy of aluminium and copper, etc., having a small 
etching rate with a novolak resist is etched, is 
formed with a high resolution. 

To form an aluminium layer having a small 
etching rate with a novolak resist, and particularly, 
to form an alloy layer of aluminium and copper, a 
tri-ievel resist process is usually utilized because 
when a single layer resist process is used for 
etching a material with a small etching rate, a thick 
resist layer must be formed. Hence the resolution 
when forming a resist mask by exposure and de- 
velopment using a photo-mask becomes poor. 

A conventional method for producing a mask 
for etching, in which, a tri-ievel resist process is 
used, will now be explained with reference to Fig- 
ures 1A to 1D of the accompanying drawings which 
are cross-sectional step views illustrating an ECR 
plasma etching process. 

As shown in Fig. 1A, a novolak resist OFPR- 
800 (produced by Tokyo Oka Kogyo) for example, 
is coated onto an aluminium layer 23, to a thick- 
ness of 2urn to thereby form a lower resist layer 
24, which aluminium layer is formed on an insulat- 
ing layer 22 on a substrate 21. Then a silicon 
resist, for example OCD-Type 7 (produced by To- 
kyo Oka Kogyo) is coated on the lower resist layer 
24 to a thickness of about 300 mm to form a 
middle layer 25. Then, the above-mentioned resist 
OFPR-800 is also coated to a thickness of about 1 
urn on the middle layer 25, to form an upper resist 
layer 26. Accordingly, a three-layer resist com-, 
posed of the above mentioned lower, middle and 
upper resist layers 24, 25 and 26 is formed on the 
aluminium layer 23. 

Then, as shown in Fig. TB, exposure and de- 
velopment are carried out by using a photomask, 
and an opening 27 with a high resolution is formed 
in the thin upper resist layer 26. 

Thereafter, as shown in Fig. 1C, while using 
the opening 27 formed in the upper resist layer 26 
as a mask, the middle layer 25 is etched by a 
reactive ion etching (RIE) using a mixed gas of CF+ 
and CHFa, so that an opening 28 is formed in the 
middle layer 25. 

Then, as shown in Fig. 1D, while using the 
opening 28 formed in the middle layer 25 as a 
mask, the . lower resist layer 24 is etched by a 
hereinafter-described ECR etching device so that 



an opening 29 is formed with a high resolution. 

In this ECR etching, the upper resist layer 26 is 
removed, with the. result that the shape of the 
opening 27 formed with a high resolution on the 

5 upper resist layer 26 is transferred to thick lower 
resist layer 24 and an opening 29 is formed. There- 
after, the aluminium layer 23 can be accurately 
etched by using the opening 29 formed in the thick 
lower resist layer 24 as a mask. 

10 In the drawings, Figure 2 is a schematic view 

of a conventional ECR etching device. 

In Fig. 2, a plasma generation chamber 1 is 
provided with a gas supply pipe 3 having a gas 
supply entrance 4, and is connected to and com- 

75 municates with a reaction chamber 2. 

A substrate 21, such as a silicon substrate 
having a structure shown in Fib. 1C, is provided on 
a susceptor 9 in the reaction chamber 2. A 200 Khz 
high frequency power is applied to the substrate 21 

20 from a high frequency power source 14, and a 
mixed gas of oxygen (O2) and SiCl* is supplied 
through the gas supply entrance 4 to the plasma 
generation chamber 1 . 

The supplied mixed gas is made into a plasma 

25 by the electron .cyclotron resonance (ECR) effect 
due to microwaves introduced through a microwave 
introducing window 6 and the magnetic field gen- 
erated by electromagnetic coils 7. The gas plasma 
is introduced into the reaction chamber 2 with a 

30 plasma flow and impinges on the substrate 21, 
whereby the lower resist layer 24 formed on the 
substrate 21 is etched. Thereafter, unreacted mixed 
gas is exhausted through an exhaust vent 13 con- 
nected to a pump (not shown). 

35 Formerly only oxygen was supplied to the plas- 

ma generation chamber 1 of the ECR etching de- 
vice for etching, but the ECR etching caused side 
etching, and thus the accuracy of the shape of the 
patterns obtained was low. If the accuracy of the 

40 shape thereof was to be improved, the etching rate 
had to be lowered, but this lowered the productiv- 
ity. 

Therefore, to form a highly accurate pattern at 
a high etching rate, attempts have been made to 

45 use an etching process using a mixed gas of O2 
supplemented with BCh, SiCU etc. In the thus- 
improved ECR etching process, the above-men- 
tioned side etching is prevented by depositing a 
protective film on the side wall, and thus the accu- 

so racy of the shape of the etched pattern is en- 
hanced. 

Nevertheless, the etching rate of a silicone 
middle layer 25 and of a novolak lower resist layer 
24 when the mixed gas of O2 supplemented with 
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BCb and SiCU, etc., is used, becomes small. Also 
the middle layer 25 is not satisfactory to be used 
as a mask when etching the lower resist layer 24, 
with the result that the accuracy of the shape of the 
pattern formed in the lower resist layer 24 is low. 
Further, an oxide formed by reacting O2 with an 
added gas such as SiCU, etc., adheres to the 
microwave introduction window 6, and thus the 
etching process is destabilized. 

Furthermore, since a product of the gases in- 
troduced to the plasma generation chamber 1 ad- 
heres to the periphery of the surface in which the 
microwave introduction window 6 is provided, when 
a gas supply entrance 4 is provided in such a 
surface, the deposits adhered to the surface are 
sometimes separated there-from by the force of 
gas blown thereon, thereby generating contamina- 
tion in the chamber. 

An object of the present invention is to provide 
an ECR plasma etching process and an ECR plas- 
ma etching apparatus wherein a lower resist layer 
forming a part of a multi-layer resist can be etched 
in a short time and with a high shape accuracy. 

Another object of the present invention is to 
provide an ECR plasma etching process and an 
ECR plasma etching apparatus wherein a reaction 
product does not adhere .to a microwave introducr 
tion window. 

A further object of the present invention is to 
provide an ECR plasma etching apparatus wherein 
a reaction product adhered to a plasma generation 
chamber does not separate therefrom and hence 
does not generate contamination. 

Accordingly, there is provided an electron cy- 
clotron resonance (ECR) plasma etching process 
using an ECR etching apparatus having a plasma 
generation chamber, a reaction chamber connected 
with said plasma generation chamber, and gas 
supply entrances provided in the respective cham- 
bers, comprising the steps of: 
directing microwaves into said plasma generation 
chamber, 

applying a magnetic field to said plasma generation 
chamber, 

supplying a first gas which is used for generating 
plasma, to said plasma generation chamber, and 
supplying a second gas which is used for generat- 
ing a deposit of a protective film to said reaction 
chamber. 

According to the present invention, the first 
gas, which is used for generating a plasma, is 
advantageously constituted by one or more of ar- 
gon (Ar), oxygen (O2). nitrogen (N 2 ), helium (He), 
xenon (Xe), krypton (Kr), chlorine (CI2), fluorine 
(F2), nitrogen trifluoride (NF3), sulphur hexafluoride 
(SF 6 ), hydrogen chioride (HCI), hydrogen fluoride 
(HF), bromine (Br 2 ), hydrogen bromide (HBr), nitro- 
gen dioxide (NO2), nitrogen monoxide (NO) t carbon 



dioxide (CO2), and carbon monoxide (CO). 

Also, according to the present invention, the 
material to be etched is preferably aluminium, an 
aluminium alloy, a resist, a polymer compound, a 

5 silicon, an alloy, or compound of silicon and a 
refractory metal, a high refractory metal, a stacked 
body formed of an alloy or compound of silicon 
and a refractory metal, or a refractory metal. 

Further, according to the present invention the 

10 material to be etched is preferably a resist or a 
high polymer compound, the first gas, which is 
used for generating the plasma, is preferably oxy- 
gen or a mixed gas of oxygen and carbon dioxide, 
and the second gas, which is used for generating 

75 the deposit, is preferably constituted by one or 
more of carbon dioxide (CO2), chlorine (CI2), boron 
trichloride (BCI 3 ), silicon tetrachloride (SiCU), sili- 
con tetrafluoride (SiF*), silicon tetrabromide 
(SiBr*), titanium tetrachloride (TiCU), hydrogen bro- 

20 mide (HBr), bromine (Br 2 ), sulphur dioxide (S0 2 ), 
disulphur dichloride (S2CI2), sulphur dichloride 
(SCI 2 ), carbon monoxide (CO), hydrogen fluoride 
(HF), and hydrogen chloride (HCi). 

According to the present invention, water is 

25 preferably added to the second gas used for gen- 
erating the deposit. 

Further, according to the present invention 
there is provided an electron cyclotron resonance 
(ECR) plasma etching apparatus comprising: 

30 a plasma generation chamber having a microwave 
introduction window and a first supply entrance for 
a first gas which is a plasma generating gas, and 
having electromagnetic coils wound therearound. 
and 

35 a reaction chamber communicating with said plas- 
ma generation chamber having a second supply 
entrance for a second gas which is a gas for 
generating a deposit to form a side etching preven- 
tion film and having a susceptor on which is to be 

40 provided a substrate and the main surface of which 
is positioned to face a plasma flow which flows, 
when the apparatus is in use, from said plasma 
generation chamber. 

According to the present invention, by sup- 

45 plying only a gas which is used for generating a 
plasma into the plasma generation chamber, and 
by supplying only a gas which is used for deposit- 
ing a side-etching prevention film into the reaction 
chamber, only a small amount of gas is needed to 

50 form the side-etching prevention film. Therefore, a 
highly accurate pattern can be formed in the lower 
resist layer. Further, when water is added to the 
gas introduced in the reaction chamber, the depo- 
sition rate is enhanced and the side-etching pre- 

55 vention effect is further enhanced. 

Further according to the present invention 
there is provided an electron cyclotron resonance 
(ECR) plasma etching apparatus comprising: 
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a plasma generation chamber having a microwave 
introduction window and a gas supply entrance and 
having electromagnetic coils wound therearound, 
and 

a reaction chamber communicating with said plas- 
ma generation chamber and having a susceptor on 
which is provided, in use, a substrate, the main 
surface of which susceptor faces the plasma flow 
which flows, when the apparatus is in use, from 
said plasma generation chamber, said gas supply 
entrance being provided in a side wall of said 
plasma generation chamber spaced apart from said 
microwave introduction window, said side wall be- 
ing parallel to said plasma flow. 

According to the present invention, the gas 
supply entrance is preferably provided in an inter- 
nal guide covering said side wail. 

According to the present invention, the side 
wall parallel to the plasma flow in the plasma 
generation chamber is constantly cleaned during 
the etching operation, and thus the reaction prod- 
uct cannot be firmly adhered to the side wall or the 
gas supply entrance. 

For a better understanding of the invention and 
to show how the same may be carried into effect, 
reference will now be made by way of example 
only, to Figures 3 to 5 of the accompanying draw- 
ings in which: 

Figures 1A to 1D are cross-sectional step views 

illustrating an ECR etching process; 

Fig. 2 is a schematic view of a conventional 

ECR etching device; 

Fig. 3 is a schematic view of an example of an 
ECR etching device according to the present 
invention; and, 

Figs. 4 and 5 are schematic views of other 
examples of an ECR etching device according 
to the present invention. 
The substrate 21 shown in Fig. 1D is disposed 
on a susceptor 9 of an ECR device shown in Fig. 3 
and a 200 Khz, 60 W high frequency power gen- 
erated by a high frequency power source is applied 
to the substrate 21 . Thereafter, oxygen (O2) gas is 
introduced into the gas generation chamber 1 from 
the gas supply entrance 4, at a gas supply rate of 
9 cc/min. Further, BCI3 gas is introduced into the 
reaction chamber 2 from the gas supply entrance 8 
at a rate of 1 cc/mm. The inner pressure of the 
ECR device is maintained at 1.5 x 10~ 3 Torr, and a 
1 kW microwave is directed into the plasma gen- 
eration chamber 1 through the microwave introduc- 
tion window 6. 

The microwave and the magnetic field gen- 
erated by the electromagnet 7 produce an electron 
cyclotron resonance (ECR) effect, which causes O2 
gas to become a plasma. Then, using the O2 gas 
plasma, the resist-formed substrate 21 is plasma 
etched so that an opening 29 is formed in the 



lower resist layer 24. During this plasma etching, 
the upper resist layer 26 is etched. 

in the conventional technique in which both 
oxygen and BCI3 are introduced into the plasma 

5 generation chamber 1 through the gas supply en- 
trance 4, the etching selectivity ratio to the middle 
layer 25 is about 10 to about 20. In the present 
invention, however, in which oxygen and BCI3 are 
individually introduced into the plasma generation 

ro chamber 1 through the gas supply entrances 4 and 
8, respectively, the etching selectivity ratio to the 
middle resist layer 25 and the lower resist layer 24 
is high, e.g., about 40. Namely, the middle layer 25 
acts as a satisfactory mask when etching the lower 

15 resist layer 24, and thus an accurately shaped 
opening 29 is formed in the resist layer 24, without 
side etching. In the example, a reaction product did 
not adhere to the surface of the microwave in- 
troduction window 6. 

20 As in other examples, when using O2 as a 

plasma generation gas as mentioned above, SiCU, 
SiF*, SiBr*, TiCU, HBr, Br 2 , S0 2 , S 2 C!2, SCI 2 , CO, 
C02. HF, HCI or Cl 2 can be advantageously used in 
place of BCI3. 

25 As other examples, when using C0 2 , or a 

mixed gas of 0 2 and C0 2l SiCU, SiF*. SiBr*, TiCk, 
HBr, Br 2 , S0 2 , S 2 CI 2 , CO, HF, HCI, SC! 2 or Cl 2 can 
be also advantageously used in place of BCI3. 

Other examples of the ECR etching device 

30 according to the present invention will be ex- 
plained. 

Figures 4 and 5 are schematic cross-sectional 
views of an example of the ECR etching device 
according to the present invention, respectively. 

35 The examples of the. ECR etching device 

shown in Figs. 4 and 5 are different from the 
conventional example shown in Hg. 2, in the posi- 
tion at which the gas supply entrance 4 is ar- 
ranged. Namely, in the conventional case, the gas 

40 supply entrance 4 to the plasma generation cham- 
ber 1 is provided in the wall near the microwave 
introduction window 6, but in the examples of the 
present invention, the gas supply entrance 4a is 
provided away from the microwave introduction 

45 window 6. Namely, in Fig. 4, the gas supply en- 
trance 4 is arranged in the side wall 8 of the 
plasma generation chamber 1 , the side wall 8 be- 
ing parallel to the plasma flow 15. Further, in Fig. 5, 
the gas supply entrance 4a is substantially ar- 

50 ranged in the wall 8, by providing an additional 
inner guide cover 1 1 . 

The structure of other examples shown in Figs. 
4 and 5 is substantially the same as the conven- 
tional example shown in Fig, 2. The cooling pipe 

ss 10 in Figs. 4 and 5 may, of course, be provided in 
Fig. 2. 

According to the present invention, by using 
the ECR etching device shown in Figs. 4 and 5, the 
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side wall which has the gas supply entrances 4 and 
4a into the plasma generation chamber 1 is parallel 
to the plasma flow and is refreshed or cleaned 
during the etching. Thus it is not necessary to 
consider the separation of adhesion substance to 
thereby prevent the generation of contamination. 



Claims 

1. An electron cyclotron resonance (ECR) plasma 
etching process using an ECR etching apparatus 
having a plasma generation chamber, a reaction 
chamber connected with said plasma generation 
chamber, and gas supply entrances provided in the 
respective chambers, comprising the steps of: 
directing microwaves into said plasma generation 
chamber, 

applying a magnetic field to said plasma generation 
chamber, 

supplying a first gas which is used for generating 
plasma, to said plasma generation chamber, and 
supplying a second gas which is used for generat- 
ing a deposit of a protective film to said reaction 
chamber. 

2. An ECR plasma etching process as claimed in 
claim 1, wherein said first gas which is used for 
generating plasma is constituted by one or more of 
argon (Ar) t oxygen (O2), nitrogen (N2), helium (He), 
xenon (Xe), krypton (Kr), chlorine (C12), fluorine 
(F 2 ), nitrogen trifluoride (NF3), sulphur hexafluoride 
(SF e ), bromine (Br 2 ), hydrogen bromide (HBr), ni- 
trogen dioxide (NO2), carbon dioxide (CO2), carbon 
monoxide (CO) and nitrogen monoxide (NO). 

3. An ECR plasma etching process as claimed in 
claim 1 or 2, wherein the material to be etched is 
aluminium, an alurhinium alloy, a resist, a polymer 
compound, a silicon, an alloy or compound of 
silicon and' a refractory metal, a high refractory 
metal, a stacked body formed of an alloy or com- 
pound of silicon and a refractory metal, or a refrac- 
tory metal. 

4. An ECR plasma etching process as claimed in 
claim 1, wherein the material to be etched is a 
resist or a high polymer compound, said first gas 
which is used for generating said piasma is oxy- 
gen, carbon dioxide or a mixed gas of oxygen and 
carbon dioxide, and said second gas which is used 
for generating said deposit is constituted by one or 
more of carbon dioxide (CO2), chlorine (CI2), boron 
trichloride (BCI3), silicon tetrachloride (SiCU), sili- 
con tetrafluoride (SiF*), silicon tetrabromide 
(SiBrO, titanium tetrachloride (TiCU), hydrogen bro- 
mide (HBr), bromine (Br 2 ), sulphur dioxide (SO2). 
disulphur dichloride (S2CI2), sulphur dichloride 
(SCI 2 ), carbon monoxide (CO), hydrogen fluoride 
(HF), and hydrogen chloride (HCI). 

5. An ECR etching process as claimed in any one 



of claims 1 to 4, wherein water is added to said 
second gas which is used for generating said de- 
posit. 

6. An electron cyclotron resonance (ECR) plasma 

5 etching apparatus comprising: 

a plasma generation chamber having a microwave 
introduction window and a first supply entrance for 
a first gas which is a plasma generating gas, and 
having electromagnetic coils wound therearound, 

70 and 

a reaction chamber communicating with said plas- 
ma generation chamber having a second supply 
entrance for a second gas which is a gas for 
generating a deposit to form a side etching preven- 
75 tion film and having a susceptor on which is to be 
.provided a substrate, the main surface of which is 
positioned to face a plasma flow which flows, when 
the apparatus is in use, from said plasma genera- 
tion chamber. 

20 7. An ECR plasma etching apparatus as claimed in 
claim 6, wherein including a source of a first gas 
which is used for generating plasma and which is 
constituted by one or more of argon (Ar), oxygen 
(O2), carbon dioxide (CO2), carbon'monoxide (CO), 

25 nitrogen (N 2 ). helium (He), xenon (Xe), krypton 
(Kr), chlorine (Cl 2 ), fluorine (F 2 ) nitrogen trifluoride 
(NF 3 ), sulphur hexafluoride (SF 6 ), bromine (Br2), 
hydrogen bromide (HBr), nitrogen dioxide (NO2), 
nitrogen monoxide (NO), hydrogen fluoride (HF), 

30 and hydrogen chloride (HCI). 

8. An ECR plasma etching apparatus as claimed in 
claim 6, which, when the material to be etched is a 
resist or a high polymer compound, includes a 
source of a first gas for generating said plasma and 

35 which is oxygen, carbon dioxide or a mixed gas of 
oxygen and carbon dioxide and which includes a 
source of a second gas which is a gas for generat- 
ing said deposit and which is constituted by one or 
more of carbon dioxide (CO2), carbon monoxide 

40 (CO), chlorine (Ci 2 ), boron trichloride (BCh), silicon 
tetrachloride (SiCU), silicon tetrafluoride (SiF*). sili- 
con tetrabromide (SiBrO, titanium tetrachloride 
(TiCU). hydrogen bromide (HBr), bromine (Br 2 ), 
sulphur dioxide (S0 2 ). disulphur dichloride (S 2 CI 2 ), 

45 sulphur dichloride (SCI 2 ), hydrogen fluoride (HF), 
and hydrogen chloride (HCI). 

9. An ECR plasma etching apparatus as claimed in 
any one of claims 6 to 8, and including a source of 
water to be added to the second gas which is used 

50 for generating said deposit. 

10. An electron cyclotron resonance (ECR) plasma 
etching apparatus comprising: 

a piasma generation chamber having a microwave 
introduction window and a gas supply entrance and 
55 having electromagnetic coils wound therearound, 
and 

a reaction chamber communicating with said plas- 
ma generation chamber and having a susceptor on 
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which is provided, in use, a substrate, the main 
surface of which susceptor faces the plasma flow 
which flows, when the apparatus is in use, from 
said plasma generation chamber, said gas supply 
entrance being provided in a side wall of said 
plasma generation chamber spaced apart from said 
microwave introduction window, said side wall be- 
ing parallel to said plasma flow. 
11 . An electron cyclotron resonance (ECR) plasma 
etching apparatus as claimed in claim 10, wherein 
said gas supply entrance is provided in an internal 
guide covering said side wall. 
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© Electron cyclotron resonance (ECR) plasma etching process and ECR plasma etching apparatus. 



© An electron cyclotron resonance (ECR) plasma 
etching process using an ECR etching apparatus 
having a plasma generation chamber (1) and a reac- 
tion chamber (2), and gas supply entrances provided 
in each chamber, comprising the steps of: directing 
microwaves into said plasma generation chamber, 



applying a magnetic field to said plasma generation 
chamber, supplying to the plasma generating cham- 
ber (1) a first gas for generating a plasma, and 
supplying to the reaction chamber (2) a second gas 
for generating a deposit of a protective film. 
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